OBJECTIVES The goal of this study was to determine the relative contribution of major lifestyle factors on the development of heart failure (HF) in older adults.
H eart failure (HF) is a growing public health problem with substantial morbidity and mortality (1) . In 2010, direct and indirect U.S. health care costs were $39.2 billion (2). Incidence is highest in those older than age 65 years-the most rapidly growing segment of the U.S. population-and is a leading cause of hospitalizations (3) .
Despite treatment advances, long-term prognosis remains poor (4) . Therefore, identifying and targeting modifiable factors for primary prevention of HF is crucial for decreasing incidence and disease burden. 8% to 12%) than men who did not follow any of these lifestyle factors (21%; 95% CI: 17% to 26%) (7) . However, more detailed dietary information was not reported, and generalizability might be limited because this cohort included male, predominately white physicians who were at a much lower HF risk than community-based populations (5, 6) . In another cohort of Swedish men and women, adherence to the Dietary Approaches to Stop Hypertension (DASH) diet was associated with lower HF risk, but contributions of other lifestyle factors were not evaluated (8, 9) . Thus, the relative importance of overall dietary habits and other lifestyle factors for development of HF remains uncertain.
To address this key public health question, we For this analysis, participants were excluded if they had prevalent HF or moderate and/or severe mitral or aortic regurgitation at baseline (n ¼ 698), missing information on lifestyle risk factors, or implausible (<500 or >4,000 kcal/day) energy intake (n ¼ 700). Participants with prevalent hypertension, diabetes, and coronary heart disease (CHD) were included to maintain generalizability; we also evaluated effect modification by these factors.
ASSESSMENT OF LIFESTYLE. We evaluated dietary patterns, physical activity, alcohol use, smoking, and adiposity (body mass index [BMI] and waist circumference). Diet was assessed in 1989 to 1990 using a validated 99-item food frequency questionnaire (National Cancer Institute) (11) , and again in 1995 to 1996 using a validated Willett food frequency questionnaire (12) . Dietary patterns were evaluated as a time- Table 1 ; scoring for the AHEI and DASH patterns has been described previously (14) (15) (16) .
Walking habits, including average pace and distance, were assessed by self-report at baseline and annually at each follow-up, and leisure-time activity were imputed using data on age, sex, race, and enrollment site. To assess the independent effect of a given lifestyle factor, multivariate models were mutually adjusted for each of the other lifestyle factors, plus age, sex, race, enrollment site, education, and income. Lifestyle factors were evaluated in combination to estimate the proportion of cases in the population that might be attributable to suboptimal levels of these factors (population attributable risk). The population attributable risk was calculated Table 2 ).
After multivariable adjustment, smoking, modest alcohol intake, BMI, and waist circumference were each independently associated with incident HF, with 37%, 30%, 37%, and 20% lower risk among older adults in the lowest risk groups, respectively (Online Table 3 ). Because BMI was more strongly associated with HF than waist circumference, BMI (low risk group <30 kg/m
2 ) was evaluated with other low-risk Values are mean AE SD, range, or %. Dietary components of the Biologic pattern included: 1) fruits; 2) vegetables; 3) whole grains; 4) fish; 5) polyunsaturated to saturated fat ratio; 6) nuts/seeds; 7) red and processed meats; 8) sugar-sweetened beverages; 9) transfat; and 10) sodium. For DASH (Dietary Approaches to Stop Hypertension): 1) low-fat dairy; 2) fruits; 3) vegetables; 4) nuts and legumes; 5) whole grains; 6) red and processed meats; 7) sugar-sweetened beverages; 8) and sodium. For Alternative Healthy Eating Index (AHEI): 1) fruits; 2) vegetables; 3) nuts and soy protein; 4) cereal fiber; 5) polyunsaturated to saturated fat ratio; 6) transfat; 7) alcohol; 8) long-term multivitamin use; and 9) white:red meat ratio. For American Heart Association 2020 dietary goals score (AHA 2020): 1) fruits and vegetables; 2) fish; 3) fiber-rich whole grains; 4) nuts, legumes, and seeds; 5) sodium; 6) sugar-sweetened beverages; 7) processed meats; and 8) saturated fat. For scoring of dietary patterns, see Online Table 1 . *Points obtained of a maximum score of 50 for the Biologic pattern, 40 for DASH, 87.5 for AHEI, and 80 for the AHA 2020 pattern. Standardized scores were scaled to a maximum score of 100 points. †Missing values for income (6.3% missing) were imputed using data on age, sex, race, and enrollment site.
BMI ¼ body mass index; CHD ¼ coronary heart disease; DBP ¼ diastolic blood pressure; SBP ¼ systolic blood pressure. Compared with the low-risk group for each, each lifestyle factor was estimated to explain between 5%
(smoking) and 18% (alcohol use) of the population risk of developing HF in older adults ( Table 3) . Lack of adherence to an overall healthy diet pattern had no associated attributable risk in older adults.
Heterogeneity in the association between diet and HF was not observed by any of the potential effect modifiers (p interaction >0.05) (Online Table 4 Tables 6 to 8 ). In Values are hazard ratio (HR) (95% confidence intervals [CI]) based on cumulatively averaged a priori score, DASH score, the AHEI score, and the AHA 2020 score. *Linear trend was tested by assigning the median value to participants in each quintile and entering this into the model as a continuous variable. †Biologic dietary pattern comprised 10 components: 1) fruits; 2) vegetables; 3) whole grains; 4) fish; 5) polyunsaturated to saturated fat ratio; 6) nuts/seeds; 7) red and processed meats; 8) sugar-sweetened beverages; 9) transfat; and 10) sodium. For scoring of dietary patterns, see Online Table 1 . ‡DASH dietary pattern comprised 8 components: 1) low-fat dairy; 2) fruits; 3) vegetables; 4) nuts and legumes; 5) whole grains; 6) red and processed meats; 7) sugar-sweetened beverages; and 8) sodium. §AHEI dietary pattern comprised 9 components: 1) fruits; 2) vegetables; 3) nuts and soy protein; 4) cereal fiber; 5) polyunsaturated to saturated fat ratio; 6) transfat; 7) alcohol; 8) long-term multivitamin use; 9) white to red meat ratio. kAHA 2020 dietary pattern comprised 8 components: 1) fruits and vegetables; 2) fish; 3) fiber-rich whole grains; 4) nuts, legumes, and seeds; 5) sodium; 6) sugarsweetened beverages; 7) processed meats; and 8) saturated fat. #Multivariate model: adjusted for age (years), sex (male vs. female), race (Caucasian vs. non-Caucasian), enrollment site (4 clinics), education (less than high school, high school, more than high school), annual income (<$25,000, $25,000 to $49,999, >$50,000), kilocalorie of physical activity (quintiles), walking pace (<2, 2 to 3, >3 mph), smoking (never, former, current), alcohol intake (0, <1, 1 to 2, $3 drinks/week). **Mediator adjusted: Multivariate model þ additional adjustment for potential mediators, including body mass index (kilograms divided by square meters), prevalent treated hypertension (yes vs. no), prevalent diabetes mellitus (yes vs. no), prevalent coronary heart disease (yes vs. no). Additional adjustment for other potential mediators, such as fasting glucose, fasting insulin, blood pressure, triglycerides, or C-reactive protein to the mediator-adjusted model had no influence on model estimates and were not included in mediator-adjusted models.
HF ¼ heart failure; other abbreviations as in Table 1 .
additional sensitivity analysis restricted to adults with self-perceived excellent, very good, or good health, associations were not materially altered (Online Tables 9 and 10 ). In contrast, inverse associations of walking pace and leisure activity were attenuated in self-perceived healthier participants (Online Table 10 ). Adjustment for baseline N-terminal pro-B-type natriuretic peptide had minimal influence on associations for diet patterns, walking pace, smoking, and alcohol intake (Online Table 11 ).
DISCUSSION
In this large, prospective cohort of older U.S. adults, Avoidance of smoking and obesity were also independently associated with lower HF risk. The observed HF ¼ heart failure; RR ¼ risk ratio. . ‡The population attributable risk is the percentage of new cases of heart failure in the population attributable to nonadherence to the low-risk lifestyle factor. Risk estimates from the multivariate þ lifestyle model were used in calculating population attributable risk. §The Biologic pattern was used for the healthy diet score. The components of dietary pattern included fruits, vegetables, whole grains, fish/seafood, polyunsaturated to saturated fat ratio, nuts/seeds, red and processed meats, sugar-sweetened beverages, transfat, and sodium. Results were similar using DASH, AHEI, or AHA 2020 instead of the Biologic pattern. kKilocalorie cutoff approximates amount of energy expended by adhering to Centers for Disease Control and Prevention physical activity recommendations for older adults to achieve important health benefits. #Alcohol intake was modest; <10% of adults consumed >2 drinks/week. Table 2 .
Abbreviations as in
and AHEI) and 2 additional biologically derived patterns (Biologic and AHA 2020). Low-risk lifestyle factors included healthy diet pattern (upper 3 quintiles), walking pace $2 mph, leisure activity $850 kcal/week, no current smoking, $1 drink/week of alcohol intake, and a body mass index <30 kg/m 2 . Multivariate models for each lifestyle factor were adjusted for age (years), sex (male vs. female), race (Caucasian vs.
non-Caucasian), enrollment site (4 clinics), education (less than high school, high school, more than high school), annual income (<$25,000, $25,000 to $49,999, >$50,000) and mutually adjusted for other lifestyle factors in the figure. None of the differences were significant after correcting for multiple comparisons. CHD ¼ coronary heart disease; other abbreviations as in Figure 1 . 
